Based on the non-relativistic Coulomb model within which the matter is a system of interacting electrons and nuclei, using the quantum field theory and linear response theory methods, opportunity for the existence of the second critical point in expanded metals, which is directly related to the metal-nonmetal transition, 
Currently, the experimental data on the transition of liquid metals at high temperatures and pressures to the non-metal state were obtained not only for mercury, cesium, and rubidium (see [1] for more details), but also, due to dynamic experiments, for aluminum, iron, nickel, copper, molybdenum, and tungsten (see [2] and references therein). However, the experimental study of this phenomenon called the metal-nonmetal (M-NM) transition for a long time did not confirm the old idea by Landau and Zeldovitch [3] about that the M-NM transition is the first-order phase transition (see Fig. 1 ). In this case, as is known [4] , the M-NM phase transition, being the first-order transition, is characterized by: The absence of direct experimental data confirming the Landau and Zeldovitch [3] hypothesis from the viewpoint of testing the above items (i)-(iv) is caused by extraordinary difficult arrangement of static experiments at high temperatures and pressure. Therefore, strictly speaking, a final conclusion about the existence of this phase transition has not yet been made. As before, it seems most promising to study mercury to confirm the existence of the M-NM phase transition, for which this transition, judging by experimental data on the static conductivity, occurs at the lowest temperature and pressure among other liquid metals. Exactly for expanded liquid mercury in the region of the M-NM transition, small angle X-ray scattering measurements [6] and very accurate ultrasound velocity measurements [7] were performed. These measurements indirectly confirm the hypothesis of the correspondence of the M-NM transition to the first-order phase transition (for more details, see [5] and references therein). In this respect, no less significant are the results of [8] in which a technique for determining the equation of state was developed in studying the M-NM transition in expanded liquid iron by the dynamic method. This allowed the authors of [8] to draw the conclusion on the confirmation of the Landau and Zeldovitch hypothesis and the existence of the second critical point whose thermodynamic parameters differ from those of the ordinary critical point.
For this reason, it becomes extremely significant to construct the theory allowing a consistent explanation of the existence of the second critical point and its correspondence to 
is satisfied. Here n a is the average density of the number of particles of type a, which are characterized by the charge z a e, mass m a , and chemical potential µ a .
The main feature of the CS is the long-range nature of the interaction between charged particles, which simultaneously is the main advantage of the Coulomb model of matter. Such an approach does not require the use of model potentials (pseudopotentials) with fitting parameters, since the Coulomb interaction potential between matter particles is completely defined.
To construct the statistical theory of the CS, there exists a well developed formalism based on the quantum field theory methods; however, specific results for thermodynamic functions and kinetic coefficients mostly can be obtained only for the case of weakly nonideal systems (see, e.g., [9] and references therein). Nevertheless, there exist a number of exact results [10] [11] [12] [13] for solving the problem of the second critical point and its interrelation with the static conductivity. Using these results, we will show that two critical points can exist in the two-component CS consisting of electrons (subscript e) and nuclei of the one type (subscript c). At one of the critical points, the matter is in the specific new state of "true dielectric" (state with zero static conductivity).
To prove this statement, we will proceed from the determination of the thermodynamic parameters of the critical point [4]
where K T is the isothermal compressibility of the considered two-component Coulomb system in the volume V at temperature T , and pressure P , N a is the total average number of particles of type a. Relation (2) should be understood in the thermodynamic limit:
We emphasize that, despite the quasi-neutrality condition, both densities {n a } and chemical potentials {µ a } in the CS should be considered as independent parameters until deriving the final expression for the physical quantity characterizing the CS. Only in this final expression, the quasi-neutrality condition (1) is used (see [13, 14] for more details). We note that from the stability requirement the Coulomb system can be considered only within quantum statistics [9] . In this case, from the dimension reasons, the CS critical parameters are purely quantum quantities [10] . For this reason, in the theoretical study, it is necessary to use specified chemical potentials {µ a } instead of specified densities {n a } when defining the pressure P , i.e., the grand canonical distribution [13, 14] should be used instead of the canonical distribution. This means that we should use derivatives (
To this end, we use the thermodynamic equality
For the two-component CS, using the set of equations (3) 
It should be noted that expressions (4) and (5) for the isothermal compressibility are fully consistent with the description of small-angle neutron and X-ray scattering [15] [16] [17] .
From the limit relation (2) for the isothermal compressibility, taking into account (4) and (5), we come to the conclusion that the critical point in the two-component CS is possible in two cases [11] (A) while simultaneously satisfying the limit relations ∂n e ∂µ e µc,T → ∞ ∂n c ∂µ c µe,T → ∞;
(B) while satisfying the condition ϕ(µ e , µ c , T ) → 0.
We now pay attention that conditions (6) correspond to the limit relation for determining the critical parameters of the L-V phase transition for the model single-component system with the short-range potential of the interparticle interaction (the so-called simple liquid) (see, e.g., [4] ). The difference is that there is a single limit relation when considering the simple liquid, instead of two ones (6) for the CS which is initially a two-component system. Therefore, we can consider that conditions (6) correspond to the "ordinary" critical point of the L-V phase transition in the two-component CS.
Thus, we need to show that the condition (7) corresponds to the critical point associated with the M-NM phase transition. To consider the CS static conductivity σ st , we will use the linear response theory within which the interparticle interaction can in principle be adequately considered (see, e.g., [9] ).
According to a linear response theory, the quantity σ st is directly related to the longwavelength limit of the longitudinal dielectric permittivity (DP) ε l (q, ω) [18] ,
In this case, the longitudinal permittivity is given by where χ R (q, ω) is the retarded Green's function "charge-charge"
Here ρ q (t) is the Fourier component of the charge density operator in the Heisenberg representation, angle brackets denote averaging with the grand canonical distribution. Relation (10) should be understood in the thermodynamic limit. From (8) -(10), using the quantum field theory methods [14] , it immediately follows [19] that the dynamic conductivity is defined by the known Kubo formula [20] . Thus, the dynamic permittivity ε(ω) has a ω-singularity in the static limit, which is related to the static conductivity,
At the same time, for the static permittivity ε(q) = lim ω→0 ε(q, ω), the limit relation [15] is
where κ, being the quantity inverse to the screening length, characterizes the length of static external field penetration into the CS at arbitrary thermodynamic parameters in the normal unordered CS. Thus, the longitudinal permittivity ε l (q, ω) is characterized by two singularities: 1/ω in the static limit ω → 0 of the dynamic permittivity ε(ω) (see (11) ) and the singularity 1/q 2 in the long-wavelength limit q → 0 of the static permittivity ε(q) (see (12)). As shown in [12] , these singularities of the longitudinal permittivity are one-to-one related. In particular, this means that the disappearance of one of the singularities results in the disappearance of the other,
It follows from relation (13) that the screening length of the Coulomb interparticle interaction is larger than any characteristic size in the state of "true" dielectric with zero static conductivity, and the screening effect is reduced only to a change in the interaction amplitude [11, 12] . As a result, it can be considered that charged particles are in the collective "localized" state with zero static conductivity, which is caused by the "divergence" at long distances between particles. We now pay attention that the isothermal compressibility K T is a physical quantity; therefore, in relations (4) and (5), we can use the quasi-neutrality condition (1) for densities, rather than their derivatives. Thus, we obtain ϕ(µ e , µ c , T ) = n 
Figure 4: The experimental dependence of the static electrical conductivity σ st on pressure along the isotherms in mercury (see [5] , [22] , [23] and references therein). The intersection of the isotherms for conductivity confirms existence of the CP M−N M . It is necessary to underline that in reality the continuous curves for conductivity on this figure are obtained from the experimental points (similar to the results on Fig.3) and the smooth character of these curves can be violated for some values of the thermodynamic parameters.
Taking into account relations (12) and (14) , it follows from (13) that
We come to the conclusion that expanded metals in the second critical point associated with the M-NM phase transition are in the state of true dielectric (the state with zero conductivity) (see Fig. 2 ). According to the present theory (see also [11] ) in the point CP M −N M the substance is in a specific state which we named the "true dielectric" (or The experimental data on the conductivity of various metals [5, 21] confirm this conclusion (see Fig. 3 for Al, Cu and Fe and Fig. 4 be further applied to other elements, including hydrogen and the noble gases.
